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Remarks 

( 'laims II 17 wen- pending. I'.v litis amendment, no claims are cancelled or added. 
I here lore, claims 44-47 are still pending. 

Claims 44, 46, and 47 are amended to clarify the claims. 

The specification is amended to recite the parent number of the parent application, and to 
amend the abstract in view of the claims being prosecuted. 

No new matter is introduced by this amendment, and no amendments are made to 
distinguish prior art. 

Summary of Telephone Interview with the Examiner 

Applicants thank Examiner Para for the courtesy of a telephone interview with 
Applicant's Representative Sheree Lynn Rybak, Ph.D. on March 1, 2007. During this interview 
the outstanding 35 U.S.C. §§ 1 12, first paragraph and 102(b) rejections were discussed. 
Agreement was not reached. 

Examiner Para explained that the claims were rejected under 35 U.S.C. § 1 12, first 
paragraph, because the specification does not describe how to isolate the endophytes, and no 
deposit of endophytes has been made. Applicant's representative explained that methods of 
isolating endophytes are routine, and thus there is no duty to make such a disclosure in the 
specification. In addition, Applicant's representative noted that Applicant would be willing to 
make a deposit of endophyte as it is Applicant's understanding that such a deposit would not 
constitute new matter (see MPEP 2406.02), if this would overcome the outstanding rejection. 
Examiner Para recommended filing a CIP application. 

With regards to the 35 U.S.C. § 102(b) rejection, Applicant's representative noted that 
the units in the cited Siegel et al. document are in ppm (parts per million), not ppb (parts per 
billion). The claims recite ppb, not ppm. Therefore, Siegel et al. does not anticipate the claims. 
Examiner Para agreed to reconsider Siegel et al in view of this information. 

Objections to the Specification 



Page 4 of 7 



si r ,l.n 05 »9 0 1 700775 doe 
PATENT 



Attorney Reference Number 4978-67652-01 
Application Numhei 10'754.14'J 



I he abstract was objected In on the i-romul ihal il is nol drawn to the claimed nncnlion. 
I he abstract has been amended to clarif\ that the application is directed to endophytes. 

The specification was objected to on the ground that page 14 of the specification recites 
that the seeds had about 183 ppb of ergovaline, while claim 47 recited about 55 ppb of 
eryiw aline. ( laim 47 has been amended to clarify that the level of ergovaline in seeds is about 
183 ppb. 

In view of these amendments, Applicant requests that die objections to the specification 
be withdrawn. 

35U.S.C.§ 101 

Claims 44-47 are rejected as being directed to non-statutory subject matter. Applicant 
requests reconsideration. 

Claims 44 and 46 are amended to recite that the endophytes are isolated. 

In view of this amendment. Applicant requests that the 35 U.S.C. § 101 rejection be 
withdrawn. 

35 U.S.C, § 112, written description 

Claims 44-47 are rejected under 35 U.S.C. § 112, first paragraph, as failing to comply 
with the written description requirement. Applicant disagrees and requests reconsideration. 

It is asserted in the Office action that the claims are drawn to any endophyte of a tall 
fescue. This is incorrect. The claims are directed to endophytes isolated from a tall fescue 
grasses grown from a particular ATCC seed deposit (ATCC PTA-3825) (claims 44-45) or 
endophytes isolated from the deposited seed itself (claims 46-47). 

It is asserted the Applicant did not isolate the claimed endophyte. It is not relevant 
whether the inventor actually reduced to practice the claimed invention (for example by isolating 
endophytes from the plant or seed), or constructively reduced to practice (for example by 
providing sufficient information for one skilled in the art to reduce to practice the claimed 
invention) (see MPEP 2406.02). 

Applicant disclosed the seed from which the endophyte can be isolated or which can be 
used to grow grass from which endophytes can be isolated. Methods of isolating endophytes 
from seed or grass plants were routine in the art as of the priority date of the present application 
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(January 30, 2002). For example. Bony el al. (New Phytologisl 152:125-37, 2001; Exhibit A), 
describe a method of isolating endophytes from germinated grass seed (see page 126, last two 
paragraphs). Siegel el al. {Annu. Rev. Phytopathol 25:293-315, 1987; Exhibit B) describe a 
method of isolating endophytes from grass plants (see pages 297-298), as do Latch et al. 
(Mycotaxon, XX:535-50, 1984; Exhibit C, see page 536). As stated in MPEP 2164.05(a), "The 
specification need not disclose what is well-known to those skilled in the art and preferably 
omits that which is well-known to those skilled and already available to the public." Therefore, 
as the seed from which the endophyte can be isolated (or can be used to grow a plant from which 
the endophyte can be isolated) is provided under the terms of the Budapest Treaty, and methods 
for isolating endophytes are well-known to those skilled in the art, the specification provides 
ample written description for the claimed isolated endophytes. 

Therefore, Applicant requests that the 35 U.S.C. §112, first paragraph written description 
rejection be withdrawn. 

35 U.S.C. § 112, enablement 

Claims 44-47 are rejected under 35 U.S.C. § 1 12, first paragraph, as failing to comply 
with the enablement requirement. Applicant disagrees and requests reconsideration. 

Although the claimed endophytes have not yet been deposited under the terms of the 
Budapest Treaty, seeds from which the endophytes can be isolated are deposited under the terms 
of the Budapest Treaty (ATCC PTA-3825). As described above, one skilled in the art can isolate 
endophyte from such seed using routine methods. Therefore, the claims are enabled, even in the 
absence of a biological deposit of the endophytes themselves. 

However, Applicant is willing to make a deposit of the claimed endophyte if this would 
expedite prosecution. Unfortunately, Examiner Para stated during the telephone interview with 
Applicant's representative that making a biological deposit of the claimed endophyte at this time 
would constitute new matter. Applicant disagrees and requests reconsideration in view of MPEP 
2406.02, which states "the rules will not preclude such a situation as there is no requirement in 
the patent law that an actual reduction to practice occur as a condition precedent to filing a patent 
application." This section of the MPEP states that it is acceptable to make an original deposit 
after the effective filing date of an application for patent. In such a case, "applicant is required to 
promptly submit a statement from a person in a position to corroborate that the biological 
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material which is deposited is a biolm>,cal material specifically identified in the application ( the 

filing date of which is relied upon) as filed."" Applicant is willing to make such a statement in 



If the Office agrees with Applicant's argument. Applicant is willing to make a deposit 
under the terms of the Budapest I reaty and make the statement required under MPEP 2406.02, 
and will amend the specification accordingly. 

Therefore, Applicant requests that the 35 U.S.C. § 1 12, first paragraph enablement 
rejection be withdrawn. 

35 U.S.C. § 102(b) 

Claims 44-47 are rejected under 35 U.S.C. § 102(b) as anticipated by Siegel et al. (J. 
Chem. Ecol. 16:3301, 1990). Applicant disagrees and requests reconsideration. 

It is asserted on page 7 of the Office action that Siegel et al. teach a tall fescue having 
endophyte and 44 ppb of lolitrem B and 1.3 ppb of ergovaline (Table 2, plant 12), and thus 
anticipate the claims. This assertion is incorrect, as the units in Table 2 are ppm (parts per 
million) not ppb (parts per billion). Therefore, plant 12 disclosed in Siegel et al. has 
significantly more lolitrem B and ergovaline than the claimed endophytes. 

Because Siegel et al. do not anticipate the claims. Applicant requests that the 35 U.S.C. § 
102(b) rejection be withdrawn. 

If there are any minor issues to be resolved before a Notice of Allowance is issued, the 
Examiner is invited to telephone the undersigned. 
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Respectfully submitted, 



KLARQUIST SPARKMAN, LLP 



One World Trade Center, Suite 1600 
121 S.W. Salmon Street 
Portland, Oregon 97204 
Telephone: (503) 595-5300 
Facsimile: (503) 595-5301 
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• Variability in the fui:j'.,!l endophyli". ol 83 n.iti.t.il populations ol I uluim pvivnnr 
(perennial ryegrass) from turope was assessed. 

• One plant per population was used for endophyte isolation and mycotoxin ana- 
lysis. Variability in three isozymes, colony morphology and growth rate on potato 
dextrose agar (PDA), and synthesis of ergovafine, lolitrem B and perarnine was 
recorded, 

• Three species were found among 94 strains isolated: Neotyphodium to///, Neoty- 
phodium sp, (LpTC-2) and C/roc/ad/um- like The most frequent species was W to///, 
which showed high variability. In 12 populations, a single plant harboured two dif- 
ferent endophytes. One-third of the isolates of N. to/// did not produce ergovaline 
whereas a few isolates did not produce lolitrem B. Ergovaline and lolitrem B-deficient 
strains, but not the few peramine-deficient isolates, had characteristic morphologies 
on PDA. No isolate was deficient for both ergovaline and lolitrem 6 synthesis. 

• Selection of ergovaline and lolitrem-deficient strains based only on the morpho- 
logy of the isolates in culture may be possible. 

Key words: fungal endophytes, Lolium perenne <perennial ryegrass), Neotypho- 
dium, intraspecific fungal variability, ergovaline, lolitrem B, perarnine. 

© New Phytologist (2001) 152: 125-137 



Introduction 

The presence of Fungal endophytes in the seeds of Lolium 
perenne L. was first observed by Gucrin (1 898). McLennan 
(1 920) studied the distribution and development of the 
mycelium in the different organs of the grass. Sampson 
(1937) was the first to isolate an endophytic fungus from 
L. perenne and to grow it in pure culture. 

In New Zealand, a damaging tremorgenic disease of sheep 
and cattle, 'ryegrass staggers', had long been reported and 
attributed to the consumption ot pei inial ryegrass I gi zinj 
animals (Cunningham & Hartley, 1959). Later on, ryegrass 
staggers was shown to be caused by alkaloids (Aasen el nl , 1 969) 
and the implu i 1 tuns li loph u in the toxicosis 

was eventually established by Fletcher & Harvey (1981 1. 

Sampson (1933) observed the presence of two different 
endophytic fungi in Lolium perenne and Latch et al. (1984) 



isolated them. The lust type was thin, poorly stai liable and highly 
branched. It was generally sterile in culture, but the produc- 
tion of a few comdiophorcs resembling (Uiocl.uimn, led lo this 
species being called ' (jlioi liuhu>ii-\\k^ (Philipson, 1989). 

The second, more frequent, type consisted ol twisted, 
poorly branched hyphae. It was shown to belong to clavicipi- 
taceac and described as a new species, Ammonium loliae 
Latch, Christensen and Samuels (later changed to Ammo- 
nium lolii). Within the genus Ammonium, this species was 
classified in a section Albo-lanosa created by Morgan-Jones & 
Gams (1982) to include the anamorphs of the davicipitaccae. 
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the new genus Neotyphodium, the 
of Lperermebemg named N. lolii 
uels) Glenn, Bacon & Hanlin. 
al. (1991. 1993) introduced an additional 
distinction among the clavicipitaceous endophytes of perennial 
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.H.'Vl and isu/vuie palter,, I hi M..i|..nh ..I ,s,,l.„< -s u.uld be 
aeiommodatcd as Nrotypbvdium lain. I hmcvci, a few isolates 




Wl , , , ,d thl p.. , HI |H, , , -»,, ,/<»„ 

effects on (Ik- host vs nsk ul loxuitv lot gi a/mr, animals) sets Image 
glass biccdcis spcu.il luiiblt-ms Sometimes, these have- been 
solved liv icmoving ilii- cndoplme bom tin- i ullivars selected 
lui past i in- a ml by man n. un mi-, hi iikiiiiIiu ing it lino varieties 
selected lot tint. Another siiatcgy, developed mainly in New 
Zealand (Latch. 1 W>), proposed to select ha unless clavicipita- 
ceous endophytes (ptodiicing no oi little crgovalinc or lolitrem) 
and to Inoculate these strains to commercial cuhivars. This 
strategy involves an extensive study of the vat lability oi the endop- 
1 ivies ol l.oliuin pnemn: Such icscaich was c onductcd on a huge 
scale in New Zealand ( Latch, 1994; Fleichei & Easton, 1997). 

Very few studies have been conducted on this subject in 
Europe, despite the fact that Lolium ptrcnm probably originated 
from the Neai hast and lias diversified in hurope (Balfourier 
i-l id.. 2000). Maximum genetic \anabilnv would therefore be 
expected in Europe. 

in France, 54" natural populations oi l.uliian pcnimewcK 
collected from 1983 to 84 (Charmet et at., 1990, 1993; 
Balfourier & Charmet, 1991). About half of these populations 
were sampled at random and checked for the presence of 
endophytes (Lewis el at, 1 997; Ravel, 1 997). One, or several, 
endophytes were found in 1 88 populations out of 262 (72%). 
The present study was conducted on part of this material. The 
objectives were to identify the fungal species involved and to 
describe intra.spccifk vatiability. paniculailv as concerns the 
production of mycotoxins. 

Materials and Methods 

Material 

Seventy-three populations with endophytes were selected 
from the populations studied by Ravel (1997). They were 
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Methods 

General procedure 

populations weie represented by seetls originating hum only 
one plant per population. 

Isolations were i :m n il out bom the 83 seed lots. All the 
isolates were grown on PDA (Potato Dextit.se Agai, Sigma 
( .'heniK al. 3') g I 1 ) to obsci ve then mat loSLopual moipbo 
logy and measuic theii linear growth. Mycelium grown in 
liquid culture was chei ked tot the isoltirms ol three enzymes, 
to allow the taxononm al identification ol the isolates. 

Straws from the 83 plants from which the seeds had been 
taken had been harvested in early August, frown and lyophih 
i/.cd, and the analysis of eigovaline, lolitrem B and peramine 
was carried out on this material. 

Isolation 

Seeds were sterilized for 4 h in commercial bleach (12°CI.), 
then rinsed with sterile water and sterilized again for 3 min in 
Bayrochlor® {from Bayrochlor Company). They were rinsed 
three tunes with stel lie watci and the glumclias weie removed. 
The seeds were ai i -dried and then sown in Petri dishes containing 
PDA plus penicillin and streptomycin (K)0pg g~' each). 
Approximately 10 seeds were placed in each dish. The Petri 
dishes were sealed with adhesive tape, placed on their side and 
incubated in the dark at 23°C, the seeds, slightly sunk in agar, 
were aligned horizontally, with their coleoptiles upwards (Fig. 1). 

Every 2 d the seeds were observed for germination and the 
appearance of mycelium on the medium. Under these condi- 
tions, the fungus was observed to grow from the cotyledon, 
the coleoptile and even the seminal roots. In the majority ol 
cases, the coleoptile was cut into pieces with a microscalpel 
and the pieces subculturcd on a new PDA medium. The fungi 
obtained were subcultured, paying particular attention to the 
appearance of any morphologically different colonies from 
the same seed lot: colonies showing a clearly different aspect 
or growth rate were subcultured separately. 
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identification from patterns Malate Dehydrogenase (MDH), Phosphoglucomutase (PGM) 
and Phosphoglucose Isomerase (PGI). 2 Morphological Groups (Fig. 2). 3 Nonoverlapping 
groups of growth. Groups are ordered from C1, the group characterized by the highest linear 
growth, to C9, the group characterized by the lowest linear growth. The average growth in 
mm d~"' is 0.353 for C1. 0.304 forC2, 0.269 forC3, 0.231 for C4, 0.193 for C5. 0.150 forC6, 
0.1 1 3 for C7, 0.077 for C8 and 0.019 for C9. 



5pecies identification by isozyme analysis 

An unambiguous identification of the isolates was obtained 
by analysis of three isozymes: Malate Dehydrogenase (MDH). 



Phosphoglucose Isomerase (PGI) and Phosphoglucomutasc 
(PGM). The isolates were grown in V8 liquid medium 
containing for ] I: V8 juice (a commercial product constituted 
of extracts of 8 different vegetables): 100 ml; D-glucose: 10 g; 
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Fig. 1 Isolation of endophytes from germinating seeds of Lolium perenne. The fungus can be subcultur-ed from the seed itself (Is), thecoleoptile 
(Ic), the seminal roots (Ir). 



L-asparagine: 2 g; KH 2 P0 4 : 1 g; MgSO,, 7 H,0: 0.5 g; KC1: 
0.25 g; FcCI 3 : 0.01 g; CaC0 3 : 2 g; chloramphenicol: 0.05 g. 
The pH was adjusted to 6.0. The medium was distributed 
into Erlenmeyer flasks (100 ml in each) and sterilized in an 
autoclave (1 10 C C for 30 min). Each isolate was represented 
two replicate i 1) fl; si s were subjected to gentle shaking 
(70 rpm) in the dark. The temperature was 18°C for those 
isolates which, from their morphology, appeared to be 
Gliocladium-Vkt, and 23°C for the other isolates. 

The mycelium was removed after 3 wk and lyophilized. 
Extraction of the enzymes, gel preparation, electrophoresis 



and visualization were carried out according to the procedures 
described by Christensen et al. (1993), and Naffaa e t al. 
(1998). The fungal species were identified from the descrip- 
tion of electromorpns by the same authors. 

Morphological description on PDA 

Among the different morphological types which had been a 
priori subcultured from the isolations, only those that seemed 
stable in the course of the subsequent cultures were retained. 
The morphology of many isolates stabilized at the second 
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These- isolates wen- giown, observed and described m 
[i. I i «.ii,hi m .11-. iln . nil in. in. .hunt u.r. 0 ml of PDA 
,.Ii..ii il.ui.. .1 iii I'. iii dishes 11 . in iii . 1 1., i u. n i In. uh.iiii.it v, ,i 
minim n tl in tin .[.ill .it .' '• ' H '• 1 1 1 a i m .. ulum , ,.mw< .1 
..I , ni',. t 1 1 u 1 1 1 .hi .ii -1.1. ., i mm bout iron, the i.i.„ r i„ 

d i i ' 

laic was measured on the same IViri dishes.. The dramctcr of 

pcipendi. ulai di. nr. lh. growth i.iK' was evaluated in 

mm d '.There were .tl le.isi live icph.atcs hn each isolate. 

Mycoloxin analysis 

Lolitrcm B was analysed by an adaptation of the HPLC 
method ol ( .allaghci ,•/,// (1<>8T Ground heme dried straw 




aeeutniirile (80 : 20). The elution solution was evaporated 

II IMC mobile phase. The I I PLC analysis was pel formed 
using a Thermoqucst iie|iiiti chromaiogiaph system equipped 
widi a sihea column (.")() nun X 'I .(> mm, .'0 pi injection) and 
a fluorescence detect... (excitation 268 nm, emission 440 nm). 
The mobile phase was dichloromcthanc-acctonitrilc (85 : 1 5) 
with a flow rate of 1 ml min '. Calculations were performed 
widi an cMetnal lolitrem B stand. nd .solution (supplied by 
R. C ( .allaghcr, AgRcseaic h, New Zealand). The determined 
limn of quamilicaiion was 0.18 pg g~ 1 of dry plant material. 

Ergovalinc was analysed according to an adaptation of the 
method of Hill a al (1993). Samples were extracted by alka- 
line chlorolorm with an internal .standard (cigoiamine 500 ng 
ml" ' in chloroform) and shaken for 2 h at room temperature. 
Extracts were filtered and purified on a silica column (Ergosil 
Analtech Newark, DE, USA) prcwashed with chloroform. 
Pigments were removed by washing with chloroform-acetone 
(1 : 3). Ergot alkaloids were eluted with methanol and the 
eluent was evaporated under a nitrogen stream at 30"C. The 
dry residue was dissolved in methanol. The HPLC analysis 
was performed on a Thermoquest liquid chromatograph 
system equipped with a Si C-18 (Zorbax XDB) column 
(1 50 mm X 4.6 mm, 20 pi injection) and a fluorescence 
detector (excitation 250 nm, emission 420 nm). The mobile 
phase was acetonitrile (36, 5%) in aqueous ammonium 
carbonate (200 mgLMrunat 1.1 ml min" 1 . 

A standard was prepared by adding ergovaline (from 
F. Smith, Department of Pharmacal Sciences, Auburn Univer- 
sity, AL, USA) and ergotamine (Sigma Chemical) to 500 mg 
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ol a nomnleeted ryegrass .sample up to 500 up g 1 and it, ,n. .1 
as deseiibrd above The limn ol quantification of the method 
was 0 15 pg I'. ' .'I th v plain material. 

]',i. i. mm w. is. in. ilvsed by a method supplied In I'. A l.q.p.i 
(AgKeseaiih. Ness /.aland' lined ground siiav, v. as 
mixed with 30'"«, piopai) 2-ol lot ^ nun ai ')()' ( Ahet . . n 
iiiiiii'.m.iii i hi , unit extract was . leaned up mi a I',, .ml I Im 
CBA mlumn (Varum) conditioned with Sii". .i,|iit„i, 

with pule methanol 1'et an urn ssas chlled linni the mlnum 
\siih I, .imi. a, id Ml", tin th.tnol solution. The elnem 

was dried undct a nitrogen -a i earn and the lesidne lesuspendeil 
in methanol. The HPLC analysis was performed using a Thcr 

nioquesi liquid . h aiogiaph system equipped with a siht a 

.nlimm (.".() nun .-. -1.6 nun. 20 pi injection) and an UV 
dete. tot (.'80 nm). The mobile phase was a bullet t onsisiing 
of 50 niM ammonium acetate, S mM guanidinium > atbonatc 
and 0, 2% acetic acid in 18".. aqueous methanol at a flow 
rate of 1 ml min '. An cndophyie-f ice ryegrass sample 
supplemented with pcramine and extracted as descuhed 
above was used as external standard for calculation. The limit 
ol quantification of this method was 2 pg g 1 of dried plain 
material. 

Statistical procedures 

Linear growth data were subjected to variance analysis using, 
the General Linear Model (Gl.M) procedure of SAS. In a first 
analysis, die main effect was the endophyte Strains and the 
means were grouped by the cluster method developed by 
Scott & Knott (1974). The advantage of this method is to 
partitionate the mean values Into nonoverlapping groups. In 
a second variance analysis, the morphological groups were 
designated as the main effect and the means were separated 
by the test of Bonferroni, which is adapted to unequal 
cell-size. 

The production of lolitrem B for two distinct mm phological 
groups of endophytes was compared by a two-sample /-test 
(procedure TTEST in SAS). The distribution obtained for 
the peramine was not Gaussian, leading to compare the 
medians by a nonparametrical test (proc. NPAR1WAY in 
SAS). 

Results 

Success of isolation 

Isolates were obtained in all cases except one. The delay in the 
isolate emergence was extremely variable, from 7 to 33 d 
(median value, 14 d) but generally consistent within seed lots. 

In 70 plants, the colonies growing from different seeds of 
the same lot were homogenous in their morphology and 
growth rate and were considered to belong to one isolate. 
However, for 1 2 plants, two different morphologies could be 
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as 'I'"' " HI IM.I..I, ... distinguish, d l,i tl„ letlcis A ,,iul I '. in 
I.<l>!t I I Imp., i lu mi.il nnnibci >,l isolate-, m tidied was 

70 i (12 x 2) - 94. 
Spe< if. idcniifii ,ilu>n 

.,1 Ml >l I l'( ,1 ,i„l I 'i ,\l Ml ilu i..,,1.,u «,,, i,u, i I 

' m 1 I ( I .' ; „„| -i u, Clt.uLidium like (TablcT). Seeds from 
1 .' phmts harhouttd iwii dill.icni isolates In mi. t.i«, an 
isolate of G'//». //(/•//»/// like was obtained as well as with an 
isolate nl N, lolii. In three eases, isolates of LpTG-2 and 
N. lolii were obtained In eight eases, two different isolates 
of N. lolii were found in the same seed lot, 

Motphology of cultures on PDA 

I'he isolates were assigned to eight stable and well- 
characterized Morphological ( .roups (MG) on 1*1 )A dag. 2,i. 

Morphologn al Gloup I (MG I, bi|',. 2a) consisted ol 
slow growing, isolate;, whit h develop vemcally more than 
horizontally, 'I 'lie mycelium is stiongly aggicgatcd. Vertical 
tlevelopment is aiiompanictl by the lonnaiion ol uregulai 
tresis and tonvoliiuons. This moiphologv is nlien dcsciibcd 
as 'brain-like'. The margin ol the colony is vertical. The 
colony is waxy, without aerial mycelium. 

In MG 11, the centre of the colony resembles MG I, but the 
margin is made ol horizontal, smooth mycelium (fig. 2b). 

MG III is the most heterogeneous; it includes rwo subtypes 
which both are originally flat and smooth. In subtype A, 

surface after 1 0-1 5 d of growth (Fig. 2c), they can .later fill 
the centre of the colony or constitute sectors. Jn subtype B, 
the centre of the colony is white and slightly raised; after 1 5 d, 
it appears scored by furrows which are both radial and 
conccntrical.These rwo morphologies have been included in 
one group because some isolates alternately showed one or the 
other morphology according to the subcultures. 

MG IV is chaiactcnzcd by a high radial growth rate. The 
colony is Hat and smooth, with \crv tew or no aerial mycelium 
(some tufts in the central part). The margin, made of intra- 
matricial mycelium, appears difh I i i 

In MG V, as in the previous type, the colony is flat, with a 
diffuse margin. After 1 5 d, it is covered in its major part with 
aerial, powdery or granular mycelium (lag. 2c). Tills group 
resembles group Vlll (Gliocladiurn-like), however, the lower 
side is tinted with light grey, not with olive green. 

The colony characterizing MG VI is flat, smooth, waxy, 
almost mucose, without aerial mycelium or white warts. The 



H.ii and on, red with |n.«.ln\ <>i glanni.u .una! mv,. ehiiin 

Groups is shown in I able 1 ' 

The seven isolates belonging to species LpTG-2 all 
belonged to MG VII and were the only isolates in this group. 
The lout isolates identified as (dim ladmiiA ike were the only 
ones in Ml ,. The isolates identified as N, ul r/d'odin/ii lulu were 
allocated between MG 1 to VI. with the following distiibu 
tion: MG 1: five isolates; M< \ II; 26; M< WW: 59; M< , IV; five: 
MG V; four; MG VI: four. The six reference isola.es obtained 
liom AgRcseaich Giassland !R1 R{>) bad the following 
distribution: Rl and R2 (LpTG-2): MG VI); R3, R4, R5 
and Rf. \ „d„ \ H , \ I \ \ and i, respect ivcly. 

Growth rate 

Analysis of the linear growth rate of the isolates led to the 
definition of nine nonovei lapping, gioups as shown in the iasi 
column of Table 1. 

figure 3 shows the distiibutiou of linear giowth loi the 
eight Morphological Groups (MG). The main effect of MG 
on growth rate was highly significant (P = 0.001). According 
to the comparison of means, the different MG aie classified in 
four groups of growth. MG IV and MG V belong to the 
group showing the significantly highest growth rate. LpTG-2 
{MG Vll) and Gliocladium-X\Vc (MG Vlll) belong to a second 
group which overlaps the set including MG IV and MG V. 
MG 11 and MG 111, whichcontain the majority of isolates, are 
classified in a thud, distinct gioup of intermediate growth. 
MG 1 and MG VI constitute a fourth group characterized by 
significantly lower growth rates. 

Mycotoxins 

The analyses were carried out for a total of 79 plants 
representing 79 populations, for lolitrem B, the results of the 
1 2 plants from which two different fungal isolates had been 
I it ' i it ' nil) 1 

harboured only one isolate 1 1 did not contain lolitrem B and 
56 contained lolitrem B at concentrations higher than the 
quantification threshold (0.18 ugg H )- Of the 1 1 plants without 
lolitrem B, three plants harboured a Gliocladium-Wke fungus; 
that is no plant harbouring only a Gliocladium-Uke isolate 
synthetized lolitrem B. A further four plants harboured an 
isolate of LpTG-2. That is, no plant harbouring only an isolate 



© New Phywlopst (2001) 152: 125-137 www.newphytologist.com 



EXHIBIT A: PAGE 7 OF 13 




Fig. 2 Macromorphology of the eight Morphological Groups (MC) on PDA: a-f: Neotyphodium lolii. g: LpTC-2. h: Gtoc/admm-like. 
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» . r t i 1 i 1 1 i i hi i i 

colony diameter (mm d ') and iiioiphuio|;n a I 
groups. The horizontal, white line in each box 
is the median ol the data; the height ol the 

box is equal to the interquartile distance 
(IQD). The verticle line corresponds to a 
distance 1 b - IQD tiom the median. Data 
points falling outside this interval are indicated 
by horizontal, black lines 




II III IV V VI VII VIII 
Morphological groups 



of l.pTG-2 ,symhetr/,cd lolitrem B. Another four plants harboured 
an isolate of Neotyphodium lolii belonging to MG l.That is, 
no plant with an isolate in MG 1 synthetized lolitrem B. 

The 56 plants containing lolitrem B did so at concentra- 
tions ranging from 0.8 to 575 pgg" 1 (Fig. 4a) with an average 
value 2.90 ug g _1 All these isolates belonged to N. bin and were 
distributed between MG II (22 isolates), MG 111 (31 isolates) 
and, marginally, MG IV ( 1 ) and MG V (2). MG IV and V were 
very small and the mean values for lolitrem B concentrations 
were compared only between MGs II and 111, with MG 11 
isolates producing significantly more lolitrem B (P= 0.0063). 

In nine of the 12 plants from which two different isolates 
had been obtained, both isolates belonged to A', lolii. In these 
plants, lolitrem B was present at concentrations ranging from 
0.80 to 4.30 pg g" 1 . In three plants where there was one isolate 
of A', lolii and one isolate of LpTG-2 no lolitrem was detected 

Among the 67 plants that harboured only one isolate, 
41 contained ergovaline, at concentrations higher than the 



quantification threshold of 0.15 pg g -1 The plants without 
ergovaline included three plants harbouring Gliocladium-llkv 
isolates and 23 plants hatbouring N. lolii. Among these 23 
isolates, 22 belonged to MG 11 and only one to MG IV. 
Correspondingly, ergovaline was never detected in plants in 
which only one-isolate of MG II had been found. 

The 41 plants containing ergovaline, did so at concentra- 
tions tanging from 0.24 to 3.46 pg g" 1 with an average value 
of 1.14 pgg~' Among these, fourbelonged to LpTG-2 and 37 
to N. lolii, and were distributed between MG 1 (four isolates), 
MG 111 (31 isolates) and MG V (two isolates). Interestingly, 
the highest concentrations were observed in two plants 
harbouring a MG I is 

For the plants con 
casesaLpTG-2 isolatt 
of MG III or MG IV 



ng two different isolates, in three 
associated with an isolate of A', lolii 
these plants contained ergovaline. 
Four associations involved two isolates of N. lolii belonging to 
MG groups other than MG 11 and ergovaline was also present. 
In four situations in which MG 11 was involved i. 
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0 <2 2-5 5-10 10-20 20-40 >40 
Concentration classes (ng g' 1 ) for PERAMINE 



Fig. A Frequency distribution of mycotoxin 
(a) lolitrem B; (b) ergovaline; (c) peramine. 



with isolates ul nihi l j'loups, < i •%.(!( lit- was absent in three 
cases and picscnl in one ia.se. 'I 'he last ;mm lation was between 
UiecMmm-WVc and an isolate ul <V, fo/// MG Ill and the 

plain , cniaiiii lI i i(',i)v.ilin, 

Tin- ijii.intitk.iiion thichold was hif.hi i tin (hi.imhik than 



r. ,1, l, 



ii*. • .6 plat 



- !'!'!' 



:cial morphology ul the 
cd P n 



ii cultui 
urging I 



II had ,1 



S.'.S )■ ', avoiding in an asymmetrical distribution, with 
a median value 6.30 ug g {Fig. 4c). Two plants showed 
a particularly high concentration of peramine (52.8 and 
41.3 ug g '), Peramine production was significantly highci 
lor the isolates of MG 111 than foi those of MG 11. 

l-oi those plants from which two diffcicm imiI.hc-, had been 
obtained, the peramine i orw durations showed im lonsisiem 
pattern. 

Discussion 

Isolation of endophytes from germinating seeds was very 
successful. The 94 isolates obtained belonged lo the three 
endophyte species which had already been described in 
l.uhinn pnciiiir. Nvul)fhmlium loin, l.pTG-2 ami the 
( 11:, a Lillian: -like' lungus. A', loin was the most lonnnon, 
representing 90% of the isolates. No other species were 
detected. The specific identification of these three species 
was based on their isozyme patterns for the two enzymes 
MDH and/or PGM, as described by Christensen el al. 
(1993) and Naflaa el at. (1998). The presence of conidia in 
culture for LpTG-2 at 20~24°C (A', lolii is always sterile at 
this temperature), is another criterion advocated to distinguish 
between these two cla i i n ou> i i < hristensen et at., 
1993).The nine isolates ofI.pTG-2 isolated in our study were 
checked for the presence of conidia on PDA at 23°C. Conidia 
were observed for four isolates only. On the other hand, they 
were not observed on the cultures of five isolates of N. lolii 
which had been drawn by lot. The presence of conidia in 
cultures of LpTG-2 at room temperature seems to be a 
sufficient, but not necessary, condition for identification. 

Pure culture macromorphology may be useful for species 
identification, since LpTG-2 and Gliocladium-Wke show a 
specific and very homogenous morphology (MG Vll and 
MG VIII, respectively). Ntotypl tun /varies greatly in 
rpholt 1 th rate, l inear gro as preiciied to 

btomass production as being potentially more discriminant. 
The strong correlation observed between macromorphology 
and linear growth is not surprising: the very slow apical growth 
of the mycelial hyphae of some strains is concomitant with a 
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high mii ..I 1. 1. 111. luii!' tin i' ■ uli h. in- .1 ;lm i ilmn manual 
growth n| the colony, whit Is is stroma- like, being us high 
as wide. 'I bis nun | >t>« >ii •}•.>-. which h,o miiuci lines been 
named 'brain-like'. chai.u n n/m Mi ,-, I .,.,,1 II, ,,, ,VK , II. il„ 

initial pn»rin hyma is surrounded by a hand nl Hal mycelium 
while in M(, I, it fall-- ..hutpilv mm thr culture medium 




H, eigovalinc ami peiaminc. Four isolaies, all of Fri lull origin 
(6% of the isolates) did not synthctize lolitrem IV 23 isolates 
(37%) did not synthesize crgovaline. Of these 23, 20 originated 
liom Fiance, one iiotn Poland, oik- lioin Yugoslavia and one 
Iron) ( Ircccc. Six isolates lOGi) iexe hiding those with traees 
ol pciamine lowci than the i]uant ihc at ion thieshold) did not 
symhetize pcramine. Among these six, all of French origin, one 
was also loliuem B-delicicm, two were ergovalinc-deficient, 
and three synthetized both eigovalinc and lolitrem B. 

The most striking observation was the close link between 
the deficiency for ergovaline or lolitrem B in N, lolii and 
the morphology of the isolates: all four isolates which did 
not produce loliuem B were from MG 1 and no isolate of 
MG 1 produced lolitrem B. Among the 23 isolates that did 
not produce ergovaline, 22 belonged to MG 11. In MG 11, 
no isolate produced ergovaline. By contrast, the peramine- 
dchcicnt strains distributed among several morphological 
groups, including MG 1 and MG II. 

As the M( ! I and MG II morphologies coincide with a slow 
linear growth tate, it seems that the 'mutation' (in the broad 
sense) which led to the absence of synthesis of lolitrem or 
ergovaline is regularly accompanied by disturbances of the 
mycelial growth. The loss of the ability to synthetize ergova- 
line (or lolitrem) could be the result of a chromosome deletion 
which could also result in the loss of genes playing a role in 
mycelial growth and morphogenesis. As the deficiencies for 
ergovaline and lolitrem are independent and accompanied 
by different morphological disturbances, the two deletions 
probably concern different chromosomes or chromosome frag- 
ments. The loss of a minor chromosome (a 'B chromosome', 



aecoiding io Kixlci cV Mia ( 1 W2)) could also be an explana- 
tion kuldati rial SI9'>«>) found eight chromosomes in A, 
Mtt of which (hrei were -.mallei than S Mb. 

Figure 4 shows the frequency distiibiilion ol the concen- 
trations ol the three mvcoioxins m the plants The concen- 
trations ol lolitrem B and eigovalme ate sumlat to those in 
the literature! Pi Menna rial. 1<»<)2; Ball rial. IW.'b; Lane 
rial. 1')" ., |.> ],, IW , .he lomentratM.m ol 

ib« bin mm sin.!, m , ben m tlu , mg, ol 

10-30 |jg g" 1 (Ball rial.. IWSa, l')<W). IWa) I lowever, 
for two particulai populations, the concentrations were 
much highci (> 40 pg g '). The genotype of the fungus. 

play a role in fixing the quantitative level of this mycotoxm 

a role, such as the host genotype, the mycelium density m the 
host tissues and various environmental (actors; so it is difficult 

between the fungal isolates. 

The isolates of M( \ II (which do not produce ergovaline) 
produced significantly more loliuem B than the isolates of 
MG 111. The isolates of MG 111 piochne significantly more 
peramme than those of MG II. 1 lowever, there was no coi 

if all isolates are considered together. 

Isolates deln ient in both eigovalme and loliuem B were not 
lotmd.Tlie predicted licqucncy ol such stiains would be- the 
product of the individual frequencies: 6% X 37% = r. 2%. This 
low predicted frequency could explain why no such isolate 
was found. On the other hand, if it is true that both the 
ergovalincTice and the lolitrem B-free isolates of A', lulu are 
the result of genetic accidents (for instance of chromosome 
deletions), one would expect that the isolates carrying a 
double deletion would be particularly deficient and find it 
difficult to survive in the plant. However, screening of more 
than 1000 populations in New Zealand, has succeeded in 
finding such isolates (Fletchei c\' Huston, 1997). 

The close link between the absence of ergovaline or loliuem 
B and a specific morphology of the colonies in pure culture 
could, if it is confirmed on a higher number of strains from 
more various origins, considerably improve the process of 
selection of harmless strains. Such a selection could be carried 
out by laboratories equipped only for routine mycology and 
lacking the complex equipment and technical competence 
necessary for the analysis of mycotoxins by HPLC. 

This study confirmed that the species LpTG-2, ol hybiid 
origin (Schardl eta/., 1994), is in a minority among the 
endophytes of L. perenne in France. Only three French 
isolates of this taxon were found in our study: two from the 
region of Marseille and one from Corsica. Four other isolates 
were isolated from populations from Italy and Spam. The 
two reference isolates obtained from AgResearch also have a 
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Western MrdiH'ttancati unj-in, I 'bus, 1 p T( , '.' appears to be 
Wexi-Mcdiictraitcan .sprues. 




.tied isolates ill A' belonged to i wo different MGs. It is 
probable that otht i situations exist in which the two (or more) 
isolates are morphologically smiilai and could be delected 
Otlly with molcctilai tnaikcrx. 

( 'ocxistciuc between two endophvtes in the same plant 
lias ahcady been repotted lot the associations between a clavi- 
cipitaccons and a nom iavicipnaceous endophyte (Schmidt, 
1 W'i; Sic-j;cl ft nl., 1995). The association between two differ- 
ent isolates ol the same species of endophyte has already been 
reported and analysed by Meijer & Leuchtmann ( 1 999) on the 
paii Brachyih tin sylva „ , , , , However, to 
our knowledge, the present work is the first mention of the pre- 
sence ol two different strains of Neotyphodium lolii'm the same 
plant of Lolium peremu. Frequent coexistence between two 
clavicipitaveous endophytes in the same host may support par- 
asexual hybridization in the continuum existing from parasitic 
to mutualistic Neotyphodium, leading to new species. 
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INTRODUCTION 

The term endophyte ((heck: endo within phyie - plant) has been 
defined as an organism contained or growing (entirely! within the substrate 
plant, whether parasitically or not {100. 106). Using this term in its broadest 
sense, the subject ol this chapter could include all fungi that spend all or 
nearly all of their life cycles in the host grasses. We do not discuss such 
endophytic lung) as the smuts and vcsicular-arbuscuiar mycorrhizas thai 
infect grass. Instead, our interests lie primarily with a specific group of 
clavicipitaceous fung: that belong or are related to lung in the tribe Balansiae 
{5, 24). These fungi either are true endophytes that nsvet produce external 
fructifications on the plant or else may produce external mycelium and/or 
spores that affect flower and seed production. We focus specifically on those 
grass-endophyte complexes that may aiso cause maladies of grazing animals. 

Using the above criteria, two recent events involving grass-endophyte 
associations have important implications for the livestock industry. In 1977 
Bacon et al (9) reported the close association of an endophyte (Sphacelia 
typhtna) in infected tall fescue (Festucv arundinacea) and the incidence of 
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cosis (summer syndrome) in cattle A similar association between a 
niified endophyte in perennial ryegrass (Lolium perenne) and the 
it ryegrass Maoris ,„ sheep in Sew Zealand was reported in 198] 



■! H.i 



r in ih/vm 



lively; endophytic lung: an- only seed disseminate 
Responsible lin leseiic toxicosis ami ryegrass stagger; 
cost the livestock producei hundreds of millions of I 
production; the fungi cannot be controlled in the ' 
cultivars do result in greatly improved livestock j 

States; and lastly, the relationship between grass and symbiont is orunarilv 
mutualislic, resulting in many benelits to host and tungus O, 10. 97). With 
regard to this final point, it is now recognized that these grass endophytcs can 
play an important role in survival of the host plants subjected to environmen- 
tal stresses (insects, grazing animals, drought, and heat). The potential for 
improved insect resistance of endophyte-infected grasses has already been 
exploited by the selection of naturally infected cultivars of Festuca and 
Lolium species t 2 0 . 30). 

This chapter, therefore, reviews the harmful and beneficial effects of 
endophytic fungi on forage and turf grasses and on grazing animals. It 
includes a historical perspective on the fungi (incidence, dissemination, and 
control), the relationship between infected grasses and animal toxicoses, the 
nature of the grass-fungus interaction, and the value of infected and nonin- 
fceted cultivars in pasture and turf. 



-ed of a grass (Lolium 



HISTORICAL PERSPECTIVES 
The presence of endophyte mycelium i 

temuhntum) was first recorded by Vogl in 1S98 (105), but the earliest known 
specimen of this host and fungus dates back 4,400 years to seeds found in the 
tomb of a Fifth Dynasty Egyptian Pharoah (64)". Vogl's (105) discovery 
aroused interest because seeds of /,. temukntum were known to be toxic to 
anmiiJs, arid there was speculation that the fungus was responsible. Other 
species of Lolium were also found to contain mycelium in a high proportion of 
their seeds; thus, the endophytic nature of the fungus in plants was established 
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section (59, lib, 117), These cridopbytc niaj be i elated to the elavicipita 
>eiH|.. teieomotph tin, Mrt l 1 '/, 70), but they have tempoianly or pot 
manently lost the ability to lonn sexual spores. Rykasd et al (VI) aiguc that it 
would be preferable to leave these newly named Acremonium species in the 
genus Sphaceliu. the comdial state ol F.picMoe lyphina. This question will 
only be resolved when the telcomoiphic states of the fungi are found. 

Latch et al (59) have described two seed-borne endophytes in perennial 
ryegrass and tall fescue with Glwdadium-Mke and Phiatophora-like conidia, 
respectively. The relationship ol these emiophytrs tn those m the Bakmsiae is 
unclear. 

All these Balarisiae, except lot Myru>grmui>oni. ptoduce systemic: in 
fections in leaves, culms, and inflorescences, but most become conspicuous 
only when sporulation occurs as the plant flowers. Many endophytes prevent 
their host from flowering, whereas others do not interfere with the plant's 
reproduction, and indeed, then mycelium may be present in the seed. In 
teiceilular hyphae have been found in the ovary wall and throughout the 
nueellar tissue off, versuta, tall fescue, and perennial ryegrass ovules (18. 
65, 78). However, in some perennial ryegrass mcg.;,gametophyies. hyphae ol 
Acremonium lolii (59, 61) become intracellular when they breach the embryo 
sac and enter the antipodal ceils (78). As the embryo enlarges and differentt 
ates, the hyphae pass into the shoot apical region. Thus, some endophytes are 
very efficiently dispersed with then host seed and apparently have no need for 
spores as a means of dissemination. Indeed, it is believed that the only means 
of dissemination ol Acremonium endophytes is tnrough maternal transmission 
in infected seed (4, 54, 96). 

Incidence 

Species of Balansia, Balansiopsis, AtkinsoneUa, and Myriogenospora infect a 
wide range of grasses commonly found in the tropics that have a C 4 -type 
photosynthetic pathway. Most of these grasses are regarded as weeds or as 
having minor agricultural importance (24, 66). Epichloe typhina is found on 
important genera of forage and turf grasses such as Agro.uis, Dactylis, 
Festuca, Holcus, Hordeum. Loliurn. and several other genera of minor agri- 
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incidence ol cntiuphstc in tal! Icscue, >>eiciinial ryegrass, and Italian 
s f .<>Lum muliifhi, urn > I:..-. hem studied because these Classes an: ul 
ni|xataii! e in manv louutnes 1 all Icscue is nnwn on 1 .' H million 



aie indigenous and may possibly have originated (hi. 90) The seed-borne 
nature ol endophytes has resulted u; their bc-mp spread, along with then hosts, 
throughout the world Over 90% of tall fescue pastures in the United States 
contain plants infected with Acremomum coenophuitum (97. 10K) A survey 
by the Auburn University fescue diagnostic laboratory of samples from 
twenty-six stales showed that 94% of pastures contained endophytc. and the 
plants in these pastures had a mean infection of 58% (95). The dominant 
cuitivar of tail fescue in the United States is Kentucky-3 1 , and most plants are 
infected with endophyte (96); however, new cukivars with a low incidence ol 
endophyte have now been developed (97) 

Seed samples from 53 or 64 old pastures of [>creimia] ryegrass from eight 
kuiopean countries were found to be infected with the endophyte A. UAu (61 ). 
Recently sown pastures probably have a much lower incidence of endophytc 
because a survey of sixteen current European cukivars showed that only lour 
contamcu endophytc, the average incidence being 15% in these cukivars (61 ) 
In New Zealand, the majority of plants in seven million hectares of perennial 
ryegrass are infected with A. lolii. and the two most commonly sow - "Wt-a's 
have 65-95% of the plants infected (54, 94, 97). There is little information on 
the incidence of an Acremonium-likc endophyte in Italian ryegrass pastures 
In Europe it appears to be low. especially among tecent cukivars, but in New 
Zealand over 50% of plants of new Italian ryegrass cukivars mav be infected 
with this endophyte (57, 61), 

Methods of Detection 

Grasses infected with endophytes that have as their anamorphic state Acremo- 
nium, Gliocladium-likc, or Phialophora-WU conidia are symptomless The 
mycelium is intercellular within the host plants, but several techniques are 
available for detection and identification of these endophytes. 
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148) and A, lolti (72) and used in on enzymc-linVed immunosorbent assay 
(KLISA) to detect antigens of the fungi m tail fescue and perennial ryegrass 
EL1SA based on antibodies produced against tnyceli;. of these two fungi does 
not differentiate serologically betwscn A. coenoplu.ulum, A. lulu, Acrrmo 
mum-like spp. in Italian ryegrass, and !:'. lyphma <4V. 74; D. R. M use rave 
personal communication). Musgravi: et al (74) suggest that the major soluble 
antigen is a polysaccharide moiety of a protein lipopoiysaccharide complex. 
They speculate that purified soluble antigens could be used to produce 
specific antisera for each ol the endophytes. The EIJSA technique is particu- 
larly useful for determining the location and quantity of mycelium in infected 
plants and for detecting endophyte mycelium in seeds (44, 72). However, 
difficulties experienced in using the technique have led to a decrease in its use 
Jot endophyte detection, and most endophyte diagnostic laboratories now use 
the staining technique (95, 108, 109). EL1SA does not differentiate between 
viable and nonviable mycelium, so seed must be germinated and the young 
plants tested by EL1SA or stained to verify the viability of mycelium in seed, 

culture Fungal endophytes of glasses can be cultured on artificial media , 
and most have been induced to sporulate. In some plant tissues, and especially 
in seeds, it is difficult to identify endophytes in situ, and so it is necessary to 
culture the fungi. Many endophytes grow very slowly m culture and are easily 
i by contaminating fungi and bacteria. Hence, culturing endophytes, 
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i heavily 
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iN.sht-i ujoan.sas When given the choice ol endopbyie-ufeetcd and •en- 
dophvte lice grass, some species ot insects will feed only on the eildophyte- 
Iree grass (31, 47, 58. 86j A relatively clear cut preference for endophytc- 
hec (all tescue and peirnnial negiass was show,, by several spcc.es „| anh.ds 
(4,. 58). This finding led Latch e» al (58; to advocate the use ol *;,„,,„/„. 
^>hu,n vad: as , hu.assa) io delect tall fescue plants mlected w.th A 
coenoi>hwlum h» large scale, rapid screening o[ lias endophvte in seedlings 
and mature plants. 

Methods of Control 

As previously mentioned, it is thought that endophytes of ryegrass and tall 
fescue ait transmitted only through seed and that infection of cr.dophyte-frcc 
grasses does not occur in nature (96, 119). Hence, it endophvte mvcehum in 
seeds can be killed without harming the seed, or if mature infected plants can 
be freed from endophytc infection, then these plants will remain free of 
endophytc and will set endophyte-frec seed. Several methods of killing 



endophyv.es in : 



s have been Ueviseii. 



stonagi= of shed Viability ot A. lalii and A. voenophialum mycelium in 
seed declines during storage (55, 75, 98). Neill (75) found that endophve m 
perennial ryegrass seed was dead after two-years storage at ambient tempera- 
ture, but it was shown subsequently that endophytes in perennial ryegrass 
seed remained viable for at least fifteen years if stored at low temperature 
(0-5°C) and low humidity (25-50%) (54). Recent studies have quantified the 
effect of environmental conditions and demonstrated that low temperature imd 
low seed- moisture content will preserve tmdophyte viability {88, 108). If it is 
necessary to kill the endophvte but not greatly harm seed viability the seed 
should be stored at high temperatures (30°C) and at a seed-moisrure content of 



heat Soaking seeds of perennial ryegrass and tali fescue in hot water for 
short periods of time killed the endophytes within them, but seed germination 
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granules and foliar sprays (98, 119). With the iuiipicidc-s available a 
it is clear that eradication of endophytes from infected pastu 
icaliy feasible. There is, however, a great need for a fungicide that could 
inexpensively accomplish that purpose. 

Plants and seeds hum which endophytes have been eliminated by any of the 
three methods just described will pioduce cmioph-ie-lree seed that can then 
be used as mothci stock to build up endophyte- free lines. Thus, the simplest 
and most effective way oi controlling animal disorders that result from 
gia/uig endophyte-mfected grass is to establish pastimes hum endophyte free- 
seed. In the United Stales several, new eultivars of tall fescue have recently 
been released and certified to have fewer than 5Vc of seeds infected with A. 
coenophialum (10, 44, 109). 

ANIMAL TOXICITIES 

As indicated in the introduction, renewed interest in endophyte-infected 
grasses began with a few key investigations into causes of animal maladies, 
specifically fescue toxicosis and ryegrass staggers (9, 27). Losses due to these 
disorders, in terms of animal production, have been estimated to be in the 
hundreds of millions of US dollars annually {82; J. A. Boling, personal 
communication). However, these estimates do not include losses in reproduc- 
tion of cattle that may also be associated with these livestock disorders (36). 
Reproductive capacity of both female and male mammals appears to be 
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symptoms often linked to a sudden drop m ambient temperature. 

Scvciul alkaloids Uuw been sut'irestcd In contribute In tcscue toxicoses The 
lolinc alkaloids. A'-aeeiyl and Vlonml. have been shown to reach u.n 
centrations as high as 0 per unit dry weight in stems, leaves, and seeds ol 
enduphyte -infected tall Ic.su.e and have no! been detected in rudophyte-lrec 
tall lesciir plants ( I S , so, ). h , ;s , U) , ,„.,.„ ,.. si:lNitSh ,. t , ,,• thc : ohlR .' :l j ka | ( , u! , 
1 ' | ;l,:: "" Ul ' 1 " 1 !• we\e- these alkaloids di ppca to serve , 

11,1 * 1 > i'k uhs aie [.induced m vitro In 

A u>rn,>phuuum (5. {,•>, 80) and have been found in low concentrations 
>teiati\e to the loluic alkaloids! in leaf blades and sheaths of endophyte- 
infected tall fescue collected irom pastures (67. 120). Attention has been 
primarily focused cm crgovaiine. an ergopeptide alkaloid that constitutes 
10- W, of the total ergot alkaloid concentration in the forage (5, 67). Many 
of the symptoms of fescue toxicosis are consistent with signs of ert>ot poison- 
ing (5, 68, 120) ..... 

Ryegrass Staggers 

Perennial ncg.-ass Makers is a neurological disorder oi animals that most 
common > afiects sheep, but also occurs ,n tattle, horses, and deer ( 
Animals with tins disorder appear normal until disturbed, at which time thev 
suiter severe muscular spasms, usually resulting in collapse 

apparently quick recovery (71 , 97c In severe outbreaks, dea 

drowning are common "! Ryegrass Maggm occurs dunngthe Suiium-i am 
autumn and is commonly associated with warm ambient temperatures and 
with grazing of short-grass swards (71). In addition to the staggers condition, 
animals grazing A. lolu infected perennial ryegrass show reduced weight 
gains, which are probably attributable to reduced intake of herbage (26) 
The prime suspect causative agents of ryegrass staggers are the lolitrem 



ed by i 
s iron, fails , 



EXHIBIT B: PAGE 8 OF 24 



nruiolPXim i L' '4l The maim loiHJcrn neuiotoxii . iohm ::; li. r, a 
k complex substituicd- niO«))c compound with a mulct alai weight ol 685 will 
Sormula C4;Hj>N07 (84). The U-liticm;. have ooi vet been reported to be 
produced by -4 lo/is in cultutr, but icl.ited item tpi-m. :mi:r. pi'mt: n t;-. 
lanthi'rctns, ami ath.trci:,. arc .il tunga! iM spir. i.Mi 

Toxicities Attributed u> Balansia Injetted H red (du.sscs 
Many warm- season perennial weed grasses mlccted with species offisluwiu 
mas , i i 'i in i ■ • " 1 i i mi m m 

YSei it passes parasitized by tiaitmsia spe< u s in h d< smutgrsss iSpt»fl>.> m 
/>,»/ /i.ii..,, \ ,< /. m , meeias ihragrwm hmu 

in), and panieum f /*«ni< urn u/i< e/>.;J r, b) Bacon et al i5i reported that m the 
summer mouths a large petccntage ol a pasture mav consist ol a weed grass 
and that the majority ol the weed grass may he titected hy Halansia spp. 
Several species ol Halansia have been shown to produce ergot alkaloids in 
vitro as well as in vivo (.4, 5 8) furthermore, cukuies ol Halansia epiehhn- 
isolated hum injected smuigiass depressed setum prolactin concentrations m 

of both female and male mammais (107). Depressed serum prolactin levels 
also occur m animals that have consumed A , ■nenophialum- infected tail 
fescue iorajie 4f). 42- as well as m sheep that have grayed .4 lolii- 
iufected perennial ryegrass (26). 

GRASS-FUNGUS INTERACTIONS 
Parasitic and Mutualistic Symbiosis 

The endophytic fungi infecting grasses are biotrophie; that is, they obtain al! 
their basic nutritional needs from living tissue, Furthermore, Lewis {62) 
considers fungi such as E. typhiria and those responsible for "symptomless 
paiasinsm" as belonging to a group of ecologically obligately symbiotic 
biotrophs (obligate biotrophs). Lewis defined tins group of fungi as "parasitic 
and mutualistic symbionis w ith no capacity tor tree Uvmg existence other than 
as gametes, cysts or as laboratory cultures." The terminology and classifica- 
tion are based on de Bary's (22) original concept of symbiosis; 'Those winch 
. . . feed on living organisms, whether plants or aniuals, are termed parasites 
Their relationship with their hosts is that of a com no:, life, a symbiosis " de 
Bary recognized that gradation of symbiosis existed and that parasites could 
either quickly destroy their host or that parasite and host could mutually and 
permanently live together and support one. another. 

According to Lewis's scheme, E. ryphirui and Balansia spp. would be 
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enhanced longcvin and photosynlhetk capacity oi cells and t ISMH - ulu jci ii H - 
influence (I inlcclioc enhance.: siuvival el the fungus, and a (endem \ Inward 
scaler host specificity than seen in necmtiophit mlccjions (<>.'). Keseaicheis 
(.\ 10. H? 96, 97) hav.: used this concept ol mutualism to suggest thai the 
Acremonium endophytes infecting perennial ryegrass and (all fescue enter into 
a relationship with then respective grasses that benefits both host ami fungus 
rhese benefits include enhanced dissemination and survival o> the fungus, 
improved growth for the host plant, and tolerance !o herbivore feeding 



Detection of endophytes by election microscopy (25, -ill, staining (9, 23, 
108), and HL1SA (72, 96) clearly indicates that imcreelluiat fungal growth ol 
Acrrnunuu.-n spp, and isolates of /;'. lyphaw is distributed unequally in the 
plant, with, highest concentrations found in the leaf sheaths, seeds, and 
crowns. These regions can act as "sinks" lor the accumulation of soluble 
nitrogenous and carbohydrate substrates (5;. These substrates would have to 
leak out of die plant cells into the intercellular spaces and funds for uptake hv 
the endophytes. Whether the fungi induce leakage oi possess translocatmiw! 
mechanisms for movement of plant products is unknown. However, recipro- 
cal translocation of carbohydrates between host and pathogen has been re- 
ported in Bahia grass infected with Myriogenospora atramcntosa (99) The 
nutritional requirements of the fungi in the plant are unknown. 

In vitro rates of growth, pH and lemperatoe optima, utilization of carbon 
and nitrogen sources, and synthesis of specific fungal products are known for 
some endophytes (3, 9, 20, 53, 59, 114). This information cannot be ex- 
trapolated to the m vivo situation, but can be used to compare nutritional, 
physiological, biochemical, and genetic potential of isolates (10). Clearly, the 
endophytes benefil from the association with their hosts by nutrition, long- 
term protection, improved dissemination (via seed), and survival. 
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lall fescue turf plants outperformed nomnfected lurl plants bom the Mam! 
point ol resistance lo crabprans invasion and recovery from buinmci drouth) 
stress 

'[In- differences in the three reports are difficult to reconcile, but as will be 
shown, infected perennial ryegrass and tall fescue exhibit striking resistance 
to herbivores (insects and grazing a.nmals) A combination of environmental 
stresses (heat and drought,, heihivou feeding, and competitiun with other 
grass and weed species could account lor the ditteu nces, teportcd in growth 
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There are no differences ;n lorage quality 'crude potrm, neutral detergent 
1 'i' 1 Uc ti» % w t I ,, | \ , lK , 

nonuifeetcd tall fescue (14), When infected tall fescue was grown under 
controlled conditions, the plants had greater rates of photosynthesis and a 
greater increase in fresh weight; they produced mote tillers during tenowth 
and they had a lowei percentage leal roll (during ;. drying cvclej than did 
endophyte-free tall fescue. Infected plants also used water more efficiently 
than did nomnfected plants (L. P. Bush, personal communication). These 
differences would support the hypothesis that infected tail fescue plants have 
advantages over nomnfected plants when grown during periods of environ- 
mental stress. 

The clearest example of enhanced growth has been reported for A. 'tain- 
infected perennial ryegrass t . r ,.wn under controlled conditions, m New Zea- 
land (60). Infected plants (when compared to nomnfected) had significant 
increases in total leaf area, tiller numbers, and growth of leaves, but the 
shoot-root ratio was unaffected. 

The chemical basis for the changes in physiology and growth patterns of 
Acmmonium-Mected plants is unknown. It is possible that members of the 
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!! l>mk licm jplnill 

U.ti-rulHiu aphid) 

(Chinch bug) 

(Black beetle) 
Oruculacrphata amtfa 
{Sharpshooiei Icafhoppcri 

(Corn flea beetle) 




Clavicipitaceae produce, or induce the plant lo produce, auxinlike plant- 
growth regulators u„d or plant growth inhibitors, or they niav alter hormone 
metabolism. These arc distinct possibilities when one considers that symp 
toms of infection by E. typhina. and other members ot the lialansiae include 
not only the inhibition of floweis and seed, but also enhanced plant growth 
and tillering, dwarfism, or deformation of the flag leaf (5, 17, 24, 37, 60 
110). Auxinlike indole compounds have been isolated in vitro from cultures 
oiBalansia eptchlotil9). The production of these compounds may reflet! an 
alteration of nitrogen metabolism and assimilation in the infected plant (5). 

tolerance to insect HERBivoREs Perhaps the most sinking difference 
between Acremonium-mieaed and noninfected Fesmca and Lolium species of 
grasses is the resistance by infected grasses to attack by insects (Table 1), It is 
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»"* known that Acrrmonium-infciicd grasses produce an array ol chi inn Lib 
that have a wide range ol biological activity (3, 10, 14, »2, 97). 

The compounds respond U (in nseci lAigcntiiK stem weevil, Lisironutus 

hotMnrn.su i resistance in ,4 /o/h infected perennial rvegi a: s.s have beer, 
identified as a peraminc alkaloid (89) and the lolitrcm neurotoxins (84) 
• i K9, 90), or a pcranimelikc compound I ss , is made in culture by A 



The 



laleb. . 



..,i|>H 



.,1,1!,,! : 



A 



against insect!. However, clavinc ergoi alkaloids, .riguianimc aw! nguiii.. 
vmet do have inseciieidai propeities It) I., Dahhna:;. pcison.d , ummunu 
Hon), The pyriolij-idine alkaloids l.V formyl am! fV-acetyl loline) produced in 
A. voenophtalum- infected tall fescue (13, 13, 43. 30, $\) have aba. been 
reported responsible lor insect resistance (45, 47). These alkaloids have not 
been recovered from either mycelium grown in culture or viable lungal mats 
c -digested seed (1... P. Hush, personal communication). A 



.-tabulite ; 



i'4,6,H-(14l, 



.'■ tctraen-3-one), biologi- 
i.s.says, has been isolated 
tophialum (9, 21), This 



impounds may reflect ar, 
n the infected plant i5; 

most sinking difference 
co and l.ohum species of 
by insects (Table 1). It is 



endophyte 



this synthesis involves the iransler of different species of 1 
grasses and grasses not known to be hosts by inoculation of c 
seedlings (via wounding of the menstem) (56), by inoculation of 
(46), and by plant breeding t maternal-line selection) (29, 30). 
tuques should assist in further characterization of the gias 
relationship and biological activity of synthesized chemicals. 

One may assume that if biologically active chemicals are of fungal origin, 
they could be produced in any naturally occurring as well as in synthetic 
grass-endophyte combinations. Conversely, if compounds are only produced 
m conjunction with cenam grass-fungus interactions, then a greater degree ol 
specificity ot synthesis would be expected. Peranum: is not only produced in 
A. /oni-inleeted perennial ryegrass, but in A. tvenophialum and E. lyphma 
naturally infected grasses as well (M. R. Sicgel, unpublished data). In 
addition, peramine was found in two synthetic grm-endophyte com- 
binations: an A. iWii-infected tall fescue and A. toenophiatum-mtecled 
perennial ryegrass. There appears to be a much greater specificity ol svnthesis 
of the loline alkaloids in infected grasses. Synthesis occurred onl'y in ,4. 
coenophialum-inieclcd tall fescue and in the synthetic A. coenophialum- 
infected perennial ryegrass. These alkaloids could not be recovered from tall 
fescue artificially infected with E. typhina. A. lotii, or Phialophora-hkt 
eridophytes. Loline alkaloids have been reported ;.n L. tcmulentum (19); 
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compounds iMHk- ueld'comtmons ma«, depend the location and conccnlia 

„ ' ,,„., , , irAi lum-al growth These msUkie internal und 

extern, nutniional conditions and (he external environment (light, water, and 
u ., 11|H ,', Um -, The lungus-produced ioxms peranum- (00), e.got alkaloids t.V 
67 81 and lohtrcms (33. 34 1 (classilied bete as being ol lungal ongin 
because .-1 then simdann to other muatuMiM arc loum! <n relative!) low 
concentrations (SI 3-27 Mgg plant dry weight) in infected plants i >., tin- ..me. 
hand. r.he lohnc alkaloids, presumed to he ol pan; origin, aie lound m 
concentrations a, high a> Mg. g I'' 1 ' 11 ' l '"> su ~ llW 

'Hie distribution and concentration of the chemicals wrthm the p ant \ji> 

C 1 Kit! I t tl '. I 1 1 1 ' ' ' 

There in little information on pcramine oibt i t> n hat o> t 
M g j lanl iresh weight were rccovcied Horn \ < mii.ucjla. ^ 

Leaf sheaths and blades oi A- lulu- wUacO. \\ a. . , ' 1 

loliu-eins at concentrations as htgl a - ■ ■ > 

respectively (33). The amount ot A. Wit mycelium in in ecu., piano i.is >iui 
J „,elv conelated with resistance to Argentine Mem weevil and with the 
, , , , C n rvegtass staggers .xxur .11 21 S2 S3, 

Total 'ergot alkaloid concentrations in lea! sheaths and blades o! A. 
awnhuilum infected tall lescue plants were 22 and 3.5 Mg-P P"> m dr > 
v'^'t'i -esx-Tveiv r 67) Tola! ereot alkaloids increased 2 5-lold in 
..*, , a || f cs following application ol nitrogen fertilizers 167} Further- 
more 'added nitrogen was associated with increased growth, ol er.Uophytc ... 
the plant and increased symptoms oi animal toxicoses io7j High levels ol 
lol.ne alkaloids have been found m the s.-nv p^ ot the plant «l. 
densities of the Sungus are known to exist u.' 13 5! Mi in gi-i 
studies, the fungus concentration in the plant did not increa luring init 
grow,!, but men P Loh ™ 

alkaloid concentrations followed the same pattern, except alter t he iecon ^ 
harvest, when concentrations in the blade (wf.eu .he:. \ . . 1 

nearly equalled those in the stem. This finding s«„^o t: a: tl cse a a ot s. 
or the signal for their synthesis, are translocated to the lea! nlades. anc, nence, 
re-growth tissue in the field may contain large amounts ol alkaloids. In 
greenhouse experiments, lol.ne alkaloids increased 2-3-fold in plants sub- 
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J 2-3-fold in plants sub- 



|ec.<-,! t,. !i».,:e;,ii ; --t ( -sru-f - ,;a .lies*. I'll i I. ■ \ ei . in e.mti.e.i !t . •!„ 

ftgoi alkaloids, increased appheati4tn ot nitrogen did not inerrd.se levels o! 
Inline alkaloids (51) Contend alums ol Inline alkaloids w< ri monitored in laJI 
fescue during a thiec-ycai slcei gia/mg stud) I 10] fhev generally lose n> 

thei! highest »»iu eat:, it me, n •.!. and then triwinnl constant until late 

Ja.l However concentiations vanec greatly Horn year to year, suggesting an 
effect of environment on alkaloid concentration in the plant. 

There is little mlom.ati.-:: lbs clfcct ol concentration of chemicals in 
infected plant .,tu! ima-u :. \. .[-. t sing the large Milkweed bug iOncopclm 
la.u uim.M bioassay (47). D !, Dahlman (personal communication) has (uuml 
lonccriUations of ca h Mg-m for A-tonm! Inline , rigotammc. and 
eigonovine. Agar-plate bioassays ol pemoline with Argentine stein weevil 
indicated that feeding deierrenee incurred at 10 ^-g/ml (89), No leedmg 
deterrence occurred witii lolurcms. but after 24-days feeding on 5 Mg'ml 
Ian.. I weights ueie rec.tue.! and <!t:'„ mortality occunrd iK4i. 



hi the 



One 



ellect 



■ da r, xs 



the observation that irit'. 
(J. A Bohtig . personal eommunicati 
infected eultivars may be due to better 
agmnomic factors between the intec 
likely, it is due to the fact that animals 
and tall fescue consume substantia!!; 
nomnfected grass (26, 102). 



grasses and annua) 
endophyte-udee;..: 



ted and nonirJ'ected eultivars. .More 
feeding on infected perennial ryegrass 
v less forage than those feeding on 



nisi a sr Ki st.s i ANCt The last of the benefits of enriophyte-infoctcd grasses 
is the potential for disease resistance. White & Cole (1 13, ] 14) and M, R, 
Siegel & G. C M. Latch (unpublished data) have demonstrated that isolates 
of A. lulu, A. coenophiulum. unidentified Acremonium sp. , Phialophoru-hkn 
sp., and typhina from various grass spp. produced antibiosis against a 

of antifungal activity and the spectrum of activity were found to be dependent 
on the isolate. Resistance to diseases in pasture or turf Fesiuca and Lotium 
spp, has not been reported. 

Speculations on the Origins of Crass Endophytes 
The recent origins of A. coenophiatum and A. lolii infected pasture and turf 
grasses have been discussed elsewhere 1 10. 96, 97), ft is clear that Europe is 
the ongin of these infected cultivated grasses However, the determination 
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cuing of nulnents and othci pietcu.ui-.ite-. oi h:t>tr«>|)iiy previously discussed. 
As was punned out earhci, /•. typhma appears to be in the process ol 
evolution, as indicated b> the various degree* ol sj mbiosis that exist between 
different isolates and then hosts.. The end rcsuJt ol this evolutionary process 
would then be fungi like the Acreimmium spp . which act as niutuaiiMu 
svmbioms. 



USE OF ENDOPHYT!:-S\r>ATl;D AND NONlNFhCTED 
GRASSES 

Once s|)cc>.ric aspects of the nature of the host- fungus interaction wen- 
recognized, then the advantages ot both infected and noninfeeted grasses wesc 
ieaii/ed Hie lael that me .-ias> cm!i:t!ti>tt le.alimisliip could be manipulated 

accelerate their use. However, it ;s now apparent I mm a bette: understanding 
of the t.rass fungus relationship that whereas some uses of eudophyte-ftce 
cultivars are desirable, they may not be practical . Instead, further manipula- 
tions oi infected glasses may be necessary to realize the full potential oi 
improved productivity from animals grazing infested pastures. 

Use of Endophyie Free Culuvws 

As soon as it was recognizee that endophyte-mfected grasses were responsible 
for animal toxicoses, it was suggested that icmoval oi the fungi would lead to 
an allciation of symptoms and improved animal productivity (9. 27). 
Eradication of A. lolii and A. caenaphialum from perennial ryegrass and tail 
fescue cultivars. respectively . was accomplished by killing the lungi in plants 
or seed by storage, heat, or chemical treatments. 

Some of the endophyte-free rail fescue cultivars were clearly superior to 
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Use of Endojthytv- Infected Grasses 

The confirmation o) inset! resistance, enhanced growth, and persistem ;• <ii 
endophytc-mlec'.u! pi asses lias led grass breeders i«» develop, by maternal line 
selection, naturally mice ted eultivars tor turl '2 : /-3l) Seed ol mlccied 
grasses used in tut! will require special storage facilities' and 'labeling to 
guarantee the viability ol the endophytcs. 

Another approach to the use ol endophyte-infeeted grasses would be to 
introduce .specific iungal isolates, via wounding ol seedlings, into host in 
nonhost glasses isvnihetie e-iass -cndophvte combinations) Assuming lhat the 



fungus 

i noninfceted grasses were 
ship could be manipulated 
» of grasses only served to 
om a better understanding 
ic uses of endophyte-free 
Instead, further rnanipula- 
ali/c the lull potential ol 
ted pastures. 



grasses were responsible 
if the fungi would lead to 



sercniiial ryegrass and tall 
killing tire lungi in plants 



both : 



combinations 
vs liable, or th 



l-ndophytes in these synthetic 
biotypes. il suitable ones were 
ified. All endopbytes must, of course, be seed transmitted" 

v\ e have made a number of positive, but unproveu. assumptions to supriort 
the use o! modified endophytc-infecled pasture grasses. We already know that 
the grass-endophyte system in some eases may contain more than one chemi 
cal responsible for insect resistance. This fact raises the question of what 
happens to insect resistance when one of several toxic compounds is not 
present in the modified synthetic combinations. It is obvious that it will be 
necessary to identify all the biologically active compounds and their spectrum 
ol activity in plants, insects, and animals before new synthetic grass 
endophyte eultivars are released for pasture use 

CONCLUDING REMARKS 



Through 



iterdiseiplinary research 
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pathologists, chemists, agrono- 
havc come to better understand a 
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unique grass- hmgal endophvte relationship It is mm clear t!),it in certain 
grasslungus complexes, mutualism- relaiioashipi icsult m h-m-tit-. i,, i„,ii, 
partner.. Understanding Urn relationship has tesuiied in the development and 
.eicase of both infected and nonmicctcd cuHivais t»r use in pastuic and (ml 
In order to ensure the piopei use oi Ihcsr newly developed cultivars. 
interdisciplinary research must continue into the nalim ul tttt ,-<,,. 
• ''■'■■I' 1 "!' :il..-„ , , ( , . , , , • , merest and nip.-Miuc :!,.,; need to he 
answered iik hide the tne< danisms ot synthesis ;ti,c the spectrum ol activity of 
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>m complexes such as those that involve 
a-fixing baitcna The improvement of 
n aie long-term goals of plant 
endophvte relationships wall aid in 
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